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VIBRATIONS  AND  STABILITY  OF  A  FIBBED  CTLDTDBICAL 
SHELL  H  A  FLOW  OF  CQKPRBSSIBLB  LlqptD 
By 

B.  M.  Bublik 


An  analogous  problem  for  a  cylindrical  shell  without  rigidity  riba  has  been 
discussed  in  report [V]  •  In  this  report  were  investigated  certain  questions  concer¬ 
ning  Tibration  and  at  ability  of  a  closed  cylindrical  elastic  shell,  reinforced  by 
elasti  r  ribs  (rigidity  ribs),  which  is  in  a  non-vise ous  flow  of  a  compressible  fluid, 
equations  are  fooulated  for  the  natural  frequencies  of  this  elastic  system  and  criti¬ 
cal  rate  of  liquid  flow  are  determined.  For  the  sake  of  simplicity  only  normal  shell 
vibrations  are  discussed  here.  The  rigidity  ribs  are  considered  as  distributed  over 
shell  discretely, 

1«  Assuming  that  along  the  closed  cylindrical  shell,  reinforced  by  rigidity 
ribs,  flows  a  potential  flow  with  unperturbed  velocity  U«  Utilizing  the  basic  condi¬ 
tions  of  reports  ^l^and QQ  the  equations  of  notion  of  the  shell  with  bulkheads  will 

o-u  1 — xd-u  1  ~r  v  dzv 

be  written  in  fosm  of : 


da*  *  2  dp2 

av  l— vd* 


cc 

2  dadfl  'da 


1  -r  v  d-u  &:»  1  V  i  /  \  p  f  i 

-2~(&~~2~todf'r5p  ^  H  2^  {a~ai)E'F,  W  + 
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0, 


v^.S + c* (v* + ^ + *  - 268  1  ~ v)  V.  ■ 6  (a  ~ 
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i  ^  (I* + 1  )* + e‘f‘  (l + “■)] + ?  [m* + EMC- aj] 
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(1) 


vh^reT*  (a-a^)  -  delta-function  with  peculiarity  on  line  a^a^;  and  SjXi  -  of  ri¬ 

gidity  ribs*  which  are  distributed  over  lines  a  =  ai(i=l*2*  ..**!?);  abnormal  load 
component  referred  to  a  unit  of  area  of  the  center  surface  of  the  shell* 

If  p  designates  the  pressure  against  the  shell  free  the  side  of  the  flow* then 

Here  mQ  -  mass  per  unit  of  shell  area*  and  n^-linear  mass  of  i-rigidity  rib* 

As  is  shown  in  re  pert  ^2^  the  tangential  effects  of  rigidity  ribs  can  be  averaged 
with  a  slight  error*  the  evaluation  of  which  is  shown  there  analytically*  Accepting 


these  assumptions*  the  system  of  equations  (I)  can  be  reduced  to  one  equst  ic&i 
C*lVsr*^'2v*-i-l)®V^-r^l— —  2(1  —  v)c* 


In  it* 


:  ^6<tt  °<)  ggp  (^p  •  1 

*— a 

B  Hbovv;  q,  *  —  -r  P*  A  (a  —  a,)  m,  j  -g^.-  Rrp. 


~  .  .  .  A,  d*  ,  2  A,  a* 

V=  \  •  i—x'h'dtrdf?' 


ln  this  case  displacements  of  the  shell  u,v.w  will  he  expressed  through  the 

function  th  with  the  aid  of  such  formulas* 

*  ~&0  .  /  ,  A,\  d=d>  ~ 

-  /.  .  hr.™  ■  r«  ■  _ .  2  A,] 

l1  *  A  )d P3  A  JSiyp-  <6) 

2.  Ve  shall  now  discuss  the  determine ticn  of  liquid  pressure.  In  report {l"]  is 
shows,  that  in  linear  approximation  for  an  arbitrary  barotropic  liquid  the  liquid 
pressure  against  the  shell  can  be  determined  by  formlat 

f  V  Ap  ,  d«f\  j  (7) 

P=P.-c^gi^arJl_/ 

•  -  -  “  *-  ' 

in  which  Po  and  q  •  pressure  and  density  of  liquid  la  non  turbulent  state,  potential 
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of  rate  of  motion  of  the  liquid  in  turbulent  state  • 

To  deter rine  y?  in  case  of  sail  shell  defarmtiona  it  is  possible  to  obtain  such 
linearized  equations  s 

i  1  ^  — - a’7T5d^~fl2 <*5 

<l-A«*)^  aa*  "  dr*  '  r  dr  r*  a  R  oom  (g) 

n 

where  a  —speed  of  sound  in  nonturbulent  flow  of  liquid,  and  K  *  a* 

Equations  (8)  are  accompanied  by  conditions  of  cylinder  well  impenetrability* 
which  after  z^dificatiGna  are  reduced  to  the  fulfillment  of  such  a  relations 


ftri 


l)  dw  ,  dw 

T?SZ  +  ~3t 


and  the  condition  of  damping  aid  (or)  radiations 

,-*0.  £-*0.Wfc,*r-*«o.  (10> 

=  0  (r-  +  *«iXp  =  0  (r  *).  ^ 

The  conditions  of  radiation  (ll)  should  be  satisfied  when  reference  la  made  to 
oscillatory  motion  and  the  Telocity  potential  has  a  factor  •***• 

Solution  of  equation  (8)  is  sought  in  form  of i 

T  =  /  (r)  e'1-'-**®1  cos  n?.  ( 1  ® 

After  substituting  (12).  in  (8)  to  determine  f  (r)  we  will  obtain 


£*rt-  [(?  "  -  «• 


Solution  of  equation  (13)  offers  the  possibility  of  opt  enaining  ysnd  then  also 
p.  It  is  shown  in  report |ll  that  between  pressure  and  buckling  of  shell  exists  such 


a  relationships 


where 


p  =  P,  +  MS,  (y  4-  ~  )  *  («•  P. '), 


M«  = 


P*Zn  (n/?) 
u Z„(nR)  ‘ 
iu) 


— - MkR  ckR, 


2.W  = 


wVifn  !  4j) 


i-  —  MkR\>kR. 

1“  I 


-<*/?»*  j. 
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Here  I^Cz)  -  Bessel  function  of  the  reel  argument,  end  HqCz)  -  Henkel  function 
of  different  type. 

Figuring  (4)  and  (6)  for  the  pressure  in  oar  case,  ve  will  obtain 

v  3  U  0 ' 

\  A(o  —  o,)m,  W»^  ^  <>a  )  ^  ~  ^ 

1  03» 

3.  Ve  will  find  a  solution  for  equation  (3),  Replacing  in  it  q^.  we  will  have 

\ 

c5  (v*+  I  )'7<?>  -  ^ -r  ^  —  2(1  —  +  V  *{«  —  c.)  x 

* 

'  X  w  -^I  )'v<J>  =  /r  [m.-  V  6 
---  *— 1 

«*> 


Coopering  these  equations  with  analogous  equations  of  free  oscillations  of  a 

++ 

ribbed  shell*  it  is  necessary  first  of  all  to  determine*  that  the  Talue  is  in 

a  certain  sense  an  “added*  mss  of  the  liquid  to  the  mss  of  the  ribbed  A  ell.  The 
bh±“  ‘C*2^  expresses  dampings  of  the  notion  of  the  system  as  result  of 

irradiated  energy. 

Solution  of  equation  (i6)  can  be  realised  by  the  Galorldn  method.  For  this  we 
seek  the  urknovn  in  form  oft 


VVC*^sinA,  uco>  nfi. 


Selection  of  systems  of  functions  sin^ 


i«  KnR\ 

Yk?T-\ 


due  to  hinged  conditions 


of  fastening  the  edges  of  the  shell  a  =  0  and  a  =  R  which  ve  are  assuming. 

Substituting  (17)  in.  (l6)  and  carrying  out  the  ordinary  Gelorkin  procedure*  ve 

obtain  a  system  of  linear  algebraic  equations  for  the  determination  of  constants. 

in  the  presence  of  rigidity  ribs  is  interminably  connected.  But  with  an  error  of  the 
2 

order  of  ^  during  the  realization  of  inequalities 

V2E.F,  .  ,  .  .  ^ 

sin  ?.*a^  sir.  k,*4  C  t  •  , 
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2  v  -  •  ^ 

- —  \  nti  s»n/.*a;  s;n/^af  <« 
//n* 


the  system  under  question  is  simplified  considerably  (see[2j  ).  Hsvin^  no  possibility 
of  describing  sane  here,  ve  shall  mention  only  the  conditions  of  its  non-zero  s oln- 


tionss 


hers 


>-*  -r  rr  —  l)2oM  -r  £  1  —  v*  -j-  j  -  2  <1  —  v)  -  /*  (n*  — 

**  (w*  +  -r  >?SAC  “T  ^  **  j 


a*,  =  <>-;  r/rTr^'i  £  *2* 

.V 


,  VV  2£.7,  ...  Via*,  .  .. 

/*=  >  sin- /..a,.  -M*  =  \  -y-  sirr 


m 


*• 


If  in  equation  (19)  is written  =  0,  then  the  obtained  equation  will  enable 

to  find  the  frequency  of  the  shell's  natural  oscillations  a  shell  with  ribs  in  vacuo. 

Designating  sane  by^Q^  ve  vill  obtain 

c=  {K  J-  «*-  !)*«*.  +  (l  -  v*  J-  4-  2(1  -  v)^A^.^/^-lfa*. 

^-=  T  l2I) 

Uov  equation  (19)  can  be  vritten  ass 

/  v ,  V 

%,-<  =  rn^TM\  ("ta  +  7?  ‘)  * 


(22. 


If  in  it  is  known  the  rate  of  nonturbulent  flow  U,then  we  hare  the  possibility  of 
finding  the  frequency  of  the  discursed  shell,  which  naves  in  a  liquid*  Ft  cm  equation 
(22)  can  also  be  obtained  the  critical  rate  of  notion  of  the  liquid*  which  corresponds 
to  loss  in  stability  of  the  nonperturbed  state  of  the  shell  with  rigidity  riba*  For 
this  we  write  in  equation  (22)^^  «  0*  Then  ve  will  obtain 

^./au-rAg 

=  C  V  C  * 


kn 

U„- 


(23. 


It  should  be  nentioned,  that  during  determination  of  frequency  and  curing  the 
determination  of  critical  velocities  it  la  necessary  to  solve  transcendent  equations, 
since  (j  and  TJ  are  included  in  1^. 
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